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METHOD AND STRUCTURE TO FORM 
CAPACITOR IN COPPER DAMASCENE PROCESS 

FOR INTEGRATED CIRCUIT DEVICES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] NOT APPLICABLE 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

[0002] NOT APPLICABLE 

REFERENCE TO A “SEQUENCE LISTING,” A 
TABLE, OR A COMPUTER 

PROGRAM LISTING APPENDIX SUBMITTED 
ON A COMPACT DISK. 

[0003] NOT APPLICABLE 

BACKGROUND OF THE INVENTION 

[0004] The present invention is directed to integrated 
circuits and their processing for the manufacture of semi 
conductor devices. More particularly, the invention provides 
a method and structure for a metal insulating metal (“MIM”) 
capacitor using a dual damascene copper process in the 
fabrication of semiconductor devices. For example, the 
invention can be applied to a variety of devices such as 
miXed signal, analog, signal processors, microprocessors, 
and others. But it Would be recogniZed that the invention has 
a much broader range of applicability. 

[0005] Integrated circuits or “ICs” have evolved from a 
handful of interconnected devices fabricated on a single chip 
of silicon to millions of devices. Current ICs provide per 
formance and complexity far beyond What Was originally 
imagined. In order to achieve improvements in complexity 
and circuit density (i.e., the number of devices capable of 
being packed onto a given chip area), the siZe of the smallest 
device feature, also knoWn as the device “geometry”, has 
become smaller With each generation of ICs. Semiconductor 
devices are noW being fabricated With features less than a 
quarter of a micron across. 

[0006] Increasing circuit density has not only improved 
the compleXity and performance of ICs but has also pro 
vided loWer cost parts to the consumer. An IC fabrication 
facility can cost hundreds of millions, or even billions, of 
dollars. Each fabrication facility Will have a certain through 
put of Wafers, and each Wafer Will have a certain number of 
ICs on it. Therefore, by making the individual devices of an 
IC smaller, more devices may be fabricated on each Wafer, 
thus increasing the output of the fabrication facility. Making 
devices smaller is very challenging, as each process used in 
IC fabrication has a limit. That is to say, a given process 
typically only Works doWn to a certain feature siZe, and then 
either the process or the device layout needs to be changed. 
An eXample of such a limit is the ability to integrated certain 
devices into conventional process ?oWs in an ef?cient and 
accurate manner. 

[0007] As merely an eXample, capacitor structures have 
been integrated into a variety of process ?oWs. Such capaci 
tor structures often require a ?rst capacitor plate coupled to 
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a second capacitor via capacitor dielectric layer. A voltage 
differential is applied betWeen these plates to alloW charge 
to build up therebetWeen. These capacitor structures often 
require high capacitance but should be formed in a compact 
and ef?cient manner. Unfortunately, it is often difficult to 
make capacitors small and compact Without impacting the 
amount of capacitance provided by the capacitor structure. 
These and other limitations have been described throughout 
the present speci?cation and more particularly beloW. 

[0008] From the above, it is seen that an improved tech 
nique for processing semiconductor devices is desired. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to the present invention, techniques 
including methods and resulting device structures for the 
manufacture of semiconductor devices are provided. More 
particularly, the invention provides a method and structure 
for a metal insulating metal (“MIM”) capacitor using a dual 
damascene copper process in the fabrication of semiconduc 
tor devices. For eXample, the invention can be applied to a 
variety of devices such as miXed signal, analog, signal 
processors, microprocessors, and others. But it Would be 
recogniZed that the invention has a much broader range of 
applicability. 

[0010] In a speci?c embodiment, the invention provides a 
method of forming a metal on metal capacitor structure for 
an integrated circuit device, e.g., miXed signal. The method 
includes forming a dual damascene structure, Where the 
structure has a ?rst conductive portion comprising copper 
material that is separated by a dielectric material from a 
second conductive portion. The second conductive portion is 
coupled to the ?rst conductive portion underlying the dielec 
tric material through a third conductive portion. The ?rst 
conductive portion, the dielectric material, and the second 
conductive portion form a substantially planar surface 
region opposing the third conductive portion. The ?rst 
conductive portion and the second conductive portion is 
coupled through the third conductive portion de?ne a ?rst 
electrode. The method selectively removing the dielectric 
material betWeen the ?rst conductive portion and the second 
conductive portion to form an opening de?ned by the ?rst 
conductive portion and the second conductive portion. The 
method forms an insulting layer Within With opening to 
de?ne a capacitor dielectric layer therefrom. The method 
also forms a copper layer overlying the insulating layer to a 
height above the substantially planar surface to form a 
second electrode. The method also planariZes the copper 
layer to de?ne the second electrode. 

[0011] In an alternative speci?c embodiment, the inven 
tion provides integrated circuit device including capacitor 
structures, e.g., MIM. The device has a semiconductor 
substrate and a dual damascene structure formed overlying 
the semiconductor substrate. The dual damascene structure 
has a ?rst conductive portion comprising copper material 
and a second conductive portion comprising a copper mate 
rial coupled to the ?rst conductive portion. A region (e.g., 
gap or spacing) is de?ned betWeen the ?rst conductive 
portion and the second conductive portion. A third conduc 
tive portion couples (e.g., electrically connects) the second 
conductive portion With the ?rst conductive portion. The 
third conductive portion is provided underlying the region. 
Here, the term “underlying” is merely used to for descriptive 
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purposes and has no relationship to the direction of gravity. 
The dual damascene structure also has a substantially planar 
surface region formed opposing the third conductive por 
tion. The substantially planar surface region comprises a 
portion of the ?rst conductive portion and a portion of the 
second conductive portion. A ?rst capacitor electrode is 
formed from at least the ?rst conductive portion, the second 
conductive portion, and the third conductive portion. The 
device has an opening formed in a portion of the region 
betWeen the ?rst conductive portion and the second conduc 
tive portion. A capacitor insulting layer is formed Within the 
opening in the region. AplanariZed copper layer is overlying 
the insulating layer. The planariZed copper layer includes a 
surface region at a height at about the substantially planar 
surface region. A second electrode is formed from a portion 
of the planariZed copper layer. 

[0012] Many bene?ts are achieved by Way of the present 
invention over conventional techniques. For example, the 
present technique provides an easy to use process that relies 
upon conventional technology. In some embodiments, the 
invention uses only a single masking layer to form an MIM 
capacitor structure. Additionally, the invention provides a 
three-dimensional structure for increased capacitance. Pref 
erably, the invention can be applied to a variety of applica 
tions such as mixed signal, and other devices. Depending 
upon the embodiment, one or more of these bene?ts may be 
achieved. These and other bene?ts Will be described in more 
throughout the present speci?cation and more particularly 
beloW. 

[0013] Various additional objects, features and advantages 
of the present invention can be more fully appreciated With 
reference to the detailed description and accompanying 
draWings that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a simpli?ed cross-sectional vieW of a 
completed capacitor structure for an integrated circuit device 
according to an embodiment of the present invention; and 

[0015] FIGS. 2-5 are simpli?ed diagrams illustrating 
methods of forming a capacitor structure according to 
embodiments of the present invention 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] According to the present invention, techniques 
including methods for the manufacture of semiconductor 
devices are provided. More particularly, the invention pro 
vides a method and structure for a metal insulating metal 
(“MIM”) capacitor using a dual damascene copper process 
in the fabrication of semiconductor devices. For eXample, 
the invention can be applied to a variety of devices such as 
miXed signal, analog, signal processors, microprocessors, 
and others. But it Would be recogniZed that the invention has 
a much broader range of applicability. 

[0017] FIG. 1 is a simpli?ed cross-sectional vieW of a 
completed capacitor structure 100 for an integrated circuit 
device according to an embodiment of the present invention. 
This diagram is merely an eXample, Which should not 
unduly limit the scope of the claims herein. One of ordinary 
skill in the art Would recogniZe many other variations, 
modi?cations, and alternatives. As shoWn, the device has a 
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semiconductor substrate 101, e.g., silicon Wafer, silicon on 
insulator, epitaXial silicon Wafer. The device has dual dama 
scene structure formed overlying the semiconductor sub 
strate. The dual damascene structure has a ?rst conductive 
portion 102 comprising copper material and a second con 
ductive portion 106 comprising a copper material. The ?rst 
conductive portion has a plug region 105 and an overlying 
layer region 107 provided Within dielectric material 104. 
The portion is provided Within barrier layer 109, Which lines 
dielectric material 104. The second conductive portion is 
coupled to the ?rst conductive portion. A region (e.g., gap or 
spacing) 110 is de?ned betWeen the ?rst conductive portion 
and the second conductive portion. A third conductive 
portion couples (e.g., electrically connects) 103 the second 
conductive portion With the ?rst conductive portion. The 
third conductive portion is provided underlying the region as 
shoWn. Here, the term “underlying” is merely used to for 
descriptive purposes and has no relationship to the direction 
of gravity. The dual damascene structure also has a substan 
tially planar surface region formed opposing the third con 
ductive portion. The substantially planar surface region 
comprises a portion 117 of the ?rst conductive portion and 
a portion 119 of the second conductive portion. A ?rst 
capacitor electrode is formed from at least the ?rst conduc 
tive portion, the second conductive portion, and the third 
conductive portion. 

[0018] The device has an opening, Which is ?lled With 
conductive material, formed in a portion of the region 
betWeen the ?rst conductive portion and the second conduc 
tive portion. A capacitor insulting layer 111 (e.g., oXide, 
silicon dioXide, silicon nitride, or any combination of these) 
is formed Within the opening in the region. The opening is 
provided betWeen the damascene structures as illustrated by 
the top-vieW diagram, also shoWn in FIG. 1. The opening 
has a dimension (i.e., D‘) of about 100 microns or greater in 
certain embodiments. Other dimensions can also eXist 
depending upon the embodiment. 

[0019] A planariZed copper layer 113 is overlying the 
insulating layer. The planariZed copper layer includes a 
surface region at a height at about the substantially planar 
surface region and/or a height above or slightly beloW 
depending upon the speci?c embodiment. The planariZed 
copper layer can be formed by deposition/plating and pla 
nariZation techniques, Which Will be described in more detail 
beloW. As shoWn, a second electrode is formed from a 
portion of the planariZed copper layer to de?ne the capacitor 
structure. Certain features of the present structure can be 
found in speci?cally beloW. 

[0020] Preferably, the dual damascene structure has a ?rst 
conductive portion comprising copper material and a second 
conductive portion comprising a copper material coupled to 
the ?rst conductive portion. A region (e.g., gap or spacing) 
is de?ned betWeen the ?rst conductive portion and the 
second conductive portion. A third conductive portion 
couples (e.g., electrically connects) the second conductive 
portion With the ?rst conductive portion. The third conduc 
tive portion is provided underlying the region. Here, the 
term “underlying” is merely used to for descriptive purposes 
and has no relationship to the direction of gravity. The dual 
damascene structure also has a substantially planar surface 
region formed opposing the third conductive portion. The 
substantially planar surface region comprises a portion of 
the ?rst conductive portion and a portion of the second 



US 2005/0146043 A1 

conductive portion. A ?rst capacitor electrode is formed 
from at least the ?rst conductive portion, the second con 
ductive portion, and the third conductive portion. 

[0021] The device has an opening formed in a portion of 
the region betWeen the ?rst conductive portion and the 
second conductive portion. A capacitor insulting layer is 
formed Within the opening in the region. AplanariZed copper 
layer is overlying the insulating layer. The planariZed copper 
layer includes a surface region at a height at about the 
substantially planar surface region. A second electrode is 
formed from a portion of the planariZed copper layer. A 
description of Ways to fabricate the present device structure 
can be found throughout the present speci?cation and more 
particularly beloW. 

[0022] A method for forming a capacitor structure in a 
dual damascene process according to the present invention 
may be outlined as folloWs: 

[0023] (1) Provide semiconductor substrate; 

[0024] (2) Form barrier layer (e.g., tantalum and tantalum 
nitride) overlying substrate; 
[0025] (3) Form copper layer overlying the barrier layer; 

[0026] (4) Form barrier layer comprising silicon nitride 
overlying the copper layer; 

[0027] (5) Form ?rst dielectric layer (e.g., LoW k, FSG) 
overlying the barrier layer; 

[0028] (6) Form nitride or oxynitride layer overlying the 
?rst dielectric layer; 

[0029] (7) Form second dielectric layer (e.g., LoW k 
dielectric, FSG) overlying the nitride or oxynitride layer; 

[0030] (8) Form cap nitride layer overlying the second 
dielectric layer; 

[0031] (9) Form openings for damascene structure; 

[0032] (10) Fill in damascene structure With copper mate 
rial; 

[0033] (11) PlanariZe surface of copper material; 

[0034] (12) Mask surface overlying exposed dielectric 
material; 

[0035] (13) Perform plasma etch process (e.g., CH2F2) to 
remove ?rst portion of the exposed dielectric material; 

[0036] (14) Perform selective Wet etch process (e.g., HF) 
to selectively remove second portion of the exposed dielec 
tric material to the barrier material; 

[0037] (15) Form capacitor dielectric Within opening 
de?ned by the above etching processes; 

[0038] (16) Form barrier (e.g., tantalum and tantalum 
nitride) Within the opening; 

[0039] (17) Fill in opening With copper material; 

[0040] (18) PlanariZe copper material using chemical 
mechanical polishing; and 

[0041] (19) Perform other processes, as desirable. 

[0042] The above steps provides a Way of manufacture a 
capacitor structure according to an embodiment of the 
present invention. Depending upon the application, certain 
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steps may be combined or even separated. Certain steps may 
be performed in other order or sequence also depending 
upon the embodiment. Other steps may be added or steps 
may be omitted depending upon the embodiment. These and 
other details are found throughout the present speci?cation 
and more particularly beloW. 

[0043] FIGS. 2-5 are simpli?ed diagrams illustrating 
methods for forming a capacitor structure according to 
embodiments of the present invention. These diagrams are 
merely examples, Which should not unduly limit the scope 
of the claims herein. One of ordinary skill in the art Would 
recogniZe many other variations, modi?cations, and alter 
natives. Like reference numerals have been used in these 
?gures as certain other ?gures for illustration purposes only. 
As shoWn, the method begins by providing a semiconductor 
substrate, e.g., silicon Wafer. The method forms barrier layer 
(e.g., tantalum and tantalum nitride) overlying substrate. The 
method then forms copper layer 103 overlying the barrier 
layer. A barrier layer comprising silicon nitride is formed 
overlying the copper layer to enclose the copper layer The 
method forms ?rst dielectric layer (e.g., LoW k, FSG) 
overlying the barrier layer. The method then forms nitride or 
oxynitride layer overlying the ?rst dielectric layer. Asecond 
dielectric layer (e. g., LoW k dielectric, FSG) is overlying the 
nitride or oxynitride layer. A cap nitride layer is formed 
overlying the second dielectric layer. Openings are formed 
for the damascene structures 102, 106. The structures are 
?lled using copper material. The copper material is pla 
nariZed. As shoWn, the structures including a ?rst portion 
106 and a second portion 102, Which are separated by region 
203. Region 203 is formed of dielectric material 104, Which 
is later removed. 

[0044] Referring to FIG. 3, the method forms a mask 301 
on a surface overlying exposed dielectric material. The mask 
can be a photolithographic material, Which is developed and 
patterned. The region betWeen the tWo damascene structures 
is exposed and patterned. Here, the method performs a 
plasma etch process to remove ?rst portion of the exposed 
dielectric material. The method then selectively etches via 
Wet etch to selectively remove second portion of the exposed 
dielectric material to the barrier material, as illustrated by 
FIG. 4. The method then forms a capacitor dielectric 111 
Within opening de?ned by the above etching processes. The 
capacitor dielectric can be any suitable material, e.g., silicon 
nitride, oxide, any combination of these. The capacitor 
dielectric is provided by chemical vapor deposition. The 
method forms a barrier (e.g., tantalum and tantalum nitride) 
Within the opening overlying the capacitor dielectric. Refer 
ring to FIG. 5, the method ?lls in the opening With copper 
material 503. The copper material is often planted using Well 
knoWn techniques. Next, the copper material is planariZed 
using chemical mechanical polishing. The remaining portion 
of region 503 de?nes a second capacitor plate. Depending 
upon the embodiment, there can be other steps as desired. 
Depending upon the application, certain steps may be com 
bined or even separated. Certain steps may be performed in 
other order or sequence also depending upon the embodi 
ment. Other steps may be added or steps may be omitted 
depending upon the embodiment. 

[0045] It is also understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
that various modi?cations or changes in light thereof Will be 
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suggested to persons skilled in the art and are to be included 
Within the spirit and purview of this application and scope of 
the appended claims. 

What is claimed is: 
1. A method of forming a metal on metal capacitor 

structure for an integrated circuit device, the method corn 
prising: 

forrning a dual darnascene structure, Where the structure 
has a ?rst conductive portion cornprising copper mate 
rial that is separated by a dielectric material from a 
second conductive portion, the second conductive por 
tion is coupled to the ?rst conductive portion underly 
ing the dielectric material through a third conductive 
portion, the ?rst conductive portion, the dielectric 
material, and the second conductive portion forming a 
substantially planar surface region opposing the third 
conductive portion, the ?rst conductive portion and the 
second conductive portion coupled through the third 
conductive portion de?ne a ?rst electrode; 

selectively removing the dielectric material betWeen the 
?rst conductive portion and the second conductive 
portion to form an opening de?ned by the ?rst conduc 
tive portion and the second conductive portion; 

forming an insulting layer Within With opening to de?ne 
a capacitor dielectric layer therefrom; 

forming a copper layer overlying the insulating layer to a 
height above the substantially planar surface to form a 
second electrode; and 

planariZing the copper layer to de?ne the second elec 
trode. 

2. The method of claim 1 Wherein the planariZing is a 
chemical mechanical polishing process. 

3. The method of claim 1 Wherein the ?rst electrode and 
the second electrode cornprise substantially copper material. 

4. The method of claim 1 Wherein the opening de?ned by 
the ?rst portion, the second portion, and the third portion 
comprises a barrier rnaterial de?ned thereon. 

5. The method of claim 1 Wherein the ?rst portion and the 
second portion include a height of about 1 micron and 
greater. 

6. The method of claim 1 Wherein the ?rst portion and the 
second portion along the opening include a spacing of about 
100 microns and greater. 

7. The method of claim 1 Wherein the substantially planar 
surface is de?ned by a chemical mechanical polishing 
process. 

8. The method of claim 1 Wherein the selecting etching is 
provided by a plasma etching process comprising a ?uorine 
bearing species folloWed by a Wet etching process using a 
HF bearing species. 

9. The method of claim 1 Wherein the HF bearing species 
has a concentration of about 5% HF or less. 

10. The method of claim 8 Wherein the plasma etching 
process has an end point upon eXposing a portion of a barrier 
rnaterial de?ned on the third portion of the conductive 
material. 
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11. An integrated circuit device including capacitor struc 
tures comprising: 

a semiconductor substrate; 

a dual darnascene structure formed overlying the semi 
conductor substrate, the dual darnascene structure corn 
prising: 

a ?rst conductive portion cornprising copper material; 

a second conductive portion comprising a copper mate 
rial coupled to the ?rst conductive portion; 

a region de?ned betWeen the ?rst conductive portion 
and the second conductive portion; 

a third conductive portion connecting the second con 
ductive portion and the ?rst portion, the third con 
ductive portion being provided underlying the 
region; 

a substantially planar surface region forrned opposing 
the third conductive portion, the substantially planar 
surface region comprising a portion of the ?rst 
conductive portion and a portion of the second 
conductive portion; 

a ?rst capacitor electrode formed from at least the ?rst 
conductive portion, the second conductive portion, 
and the third conductive portion; 

an opening formed in a portion of the region betWeen the 
?rst conductive portion and the second conductive 
portion; 

a capacitor insulting layer formed Within the opening in 
the region; 

a planariZed copper layer overlying the insulating layer, 
the planariZed copper layer including a surface region 
at a height at about the substantially planar surface 
region; and 

a second electrode formed from a portion of the pla 
nariZed copper layer. 

12. The method of claim 11 Wherein the planariZed copper 
layer is provided by chemical mechanical polishing. 

13. The method of claim 11 Wherein the ?rst electrode and 
the second electrode cornprise substantially copper material. 

14. The method of claim 11 Wherein the opening formed 
by the ?rst portion, the second portion, and the third portion 
comprises a barrier rnaterial de?ned thereon. 

15. The method of claim 11 Wherein the ?rst portion and 
the second portion include a height of about 1 micron and 
greater. 

16. The method of claim 11 Wherein the opening Within 
the region has a spacing of about 100 microns and greater. 

17. The method of claim 11 Wherein the ?rst conductive 
portion comprises a ?rst plug region and an overlying ?rst 
layer region and the second conductive portion comprises a 
?rst plug region and an overlying ?rst layer region. 


